CHAPTER 3

DEHYDROGENATION OF METHANOL TO METHYL FORMATE ON
COPPER- EXCHANGED  CLAY CATALYSTS.
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3.1 INTRODUCTION. \\S\I&‘V/////
The 1ndust( ot 4 \Eﬂﬁfurmate through methanol

dehydrogenation h dered by the poor performance of

catalysts, whic ' -exhib ) ctivity and moderate
selectivity. De o
therefore lead to . _' y ient utilization. In C,
chemistry, methanol SEadd stock for a wide range of

organic chemicals , portation. Methyl formate
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is considered to be one of Ehe key
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W
processes to prodice &

itermediates for methanol-based

amide, etc. = For this

advantage, an atte active catalyst with

high and prolonged actwity and also with high selectivity for the
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A survey of the patent literature indicated that consideration had
been given on the improvement of copper-based catalysts for the
production of methyl formate from methanol [77-81]. In the past, more

attention had been paid to research on methanol dehydrogenation [82].

The effectiveness of various clays as supports and various metal
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cations exchange as catalysts were studied. Catalytic activities of
Cu(II) ion exchanged forms of layer silicate clay minerals, including
fluoro tetrasilicic mica (TSM) and zeolitic minerals had been
investigated for conversion of methanol [83]. It was found that copper

ion exchanged form of TSM seems to be the suitable catalyst for
methanol dehydrogenation ri Consideration on the layer
structure showed that TSH\'is m%ate lattice silicate, face to
face aggregation. mmd\pf r g‘ives a small interlayer
space. The cnpper( ‘t q aﬁl outerlayer of TSM can

no hacau‘:h‘ interlayer space is too

catalyzed reactio
' 1E’5ut¢ enter aﬂtl react with internal

xesearch on the other types

of clay catalyst is c at’gﬂ'_* ."l'ha.,» type of clay catalyst should
have *a structure of de'lynin?t,e lmﬁme to edge or edge to face
aggregation. Thél the 'Inter " e enough for methanol

_*_Ejtgalytic sites. Even

molecules to En r and react wi h i

though the seﬁltﬂity nf methﬂ fnrma'll‘é may not be so high as
Cu-TSM, be e supporting clay.
But the pro may gcauﬂmrﬂﬁqﬂ‘ﬁlh a modifier such
as Cr. m the present
reseﬂ aag:fri ﬂl}jj?cﬁﬂj a Ert with high

activity and high selectivity for dehydrogenation of methanol to

small for meth

catalytic sites.

methyl formate,



n

The Scope of This Research

1.

2. Study the effec

Preparation of copper-exchanged clay catalysts by means of ion
exchangs_on.varigus type of silicate clay minerals such as sodium
type of Laponite, Saponite, and Montmorillonite.

s on catalytic activity,

selectivity, an

b=
a. Type of ¢
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e. I-rn}w fractio

ﬁjtajm?mwn NYNY



12

3.2 EXPERIMENTAL

P . of Clay Catal

Smectite clay minerals. used in this study are sodium-type
natural montmorillonite, designated as Kunipia F, synthetic saponite

and synthetic laponite aiped from Kunimine Industry Co. The

Hax[A12_ngx ntmorillonite

Na, [Mg3] (A1, and

Na, [Mg3_ L aponite.
In each formula thefcatfions’ ctosed in branckets occupy octahedral
sites and the catighs/in p: C;”i. S occupy tetrahedral sites.
Saponite is tetrahedr bite with A13+* substituting for

1 laponite are octahedrally
Eituting for A13* and Lit
* The substitution of metal ion

charge smectites w thﬁgé;_4

substituting for Hg2+ d&ﬁ#ﬁﬁtiﬂ
in layered 1att1 1 :

j
Hnntmnrlllunlte Saponite Laponite

mﬂﬂﬂ?%ﬁ%ﬁﬂﬂ?ﬁﬁ

51"+

Fig. 3-1 Substitution of metal ion in layer latticed silicate clays
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3.2.2 Preparation of Copper-Exchanged Clay Catalysts

Copper-exchanged clay catalysts were prepared according to a
conventional metal ion exchange method. A copper nitrate solution with
a concentration of 0.01 N was prepared. A proper amount of copper
nitrate [ Cu(Hﬂ3)2.3H2U , molecular weight 241.6 ] was solved in
distilled water. A magnetic stirrer was used through mixing to
obtained good performance ‘-"F»\ ‘n'i? nge. The solution was heated to
a temperature of 50% 10 q /nern'l was slowly added and
continuously stirred‘m hgjrswc. Then the mixture was
filtered and wash ) times Mtﬂled water to remove
excess nitrate ionse \

nitrate ions in th i ', - p:éparatquégethud of diphenylamine
is shown in Appendix at 'IIQOE the precipitate was
dried for 24 ho i\s\hfhged produced will be

abbreviated to Cu- o in according to the type

gy ¥
of clay minerals, T emqﬁjg;%ﬁn of synthesis of catalyst s

shown in Fig. 3-2.

;ir
Copper cﬂtwns‘l ﬁ it;ati

on were presented in

-

large excess, t.:.rp ay, to ensure complete

saturation for e hangeub'le site The excess

concentration of copper nitrate snlutiun used in the synthesis of

catalyst is ﬂ fT exchanged with Na*
2 ions 1nclﬂuﬁqwﬂ:&mxﬂ ﬂige capacity (CEC).
" AR AR IR

) [

o study the effects of the degrees of copper-ion exchange on
the catalytic activity and selectivity of methyl formate formation in
methanol dehydrogenation, the concentration of copper nitrate solution
was varied. But the synthetic method of catalyst is still the same.

The details of synthetic method of degrees of ion exchange will be
mentioned in Appendix B.




14

Cu(N03) . 3H,0

- --=H,0

o QUEAVIIINEDNS.... .

axchanga:l clay catalyst.

amaﬁnmum'mmaﬂ
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3.2.3 Apparatus and Procedures

a. The experimental apparatus and reactor

Dehydrogenation of methanol was carried out at atmospheric

u// ow reactor equipped with a gas
natogra lysis. The experimental
d £

T — 1
apparatus is shown in -
The reactor is mad s

370 mm totally lo

r is shown in Fig. 3-4.
o.d., 18 mm i.d. and

he reactor, the small
size of pyrex tube | _'1h0 mm long) is connected
reactant and catalyst.
in a steel tube covered
by electrical furnace. “ _: rount of 0.3 g of catalyst sample was
packed between silica wool and glass beads at ca. 21 mm from the top
£ per, = _ During test run of
experimental apparffrs. the 11;;“?1 'eiafrnture of reactor was
done to find out th5n2:x1mum P“*“E} At the center of reactor,

thermocouple ﬂsw%‘l-(%j W%é] %w Haﬁ}ﬂ §1tﬂ the middle of

catalyst bed 1 small steel tube which was covered with pyrex glass

s R T G SR BNE e o o

reactor auhe to minimize the dead volume.
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Fig. 3-3
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Schematic diagram of experimental apparatus.
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3. Silica wool 4, Catalyst bed
5. Glass beads 6. Thermocouple

Fig. 3-4 Reactor
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b. Treatment and reaction conditions

Prior to the reaction, the catalyst was treated for 1 h at
various temperatures in the range of 300°C to 500°C, in a stream of N,
treatment gas passed from Tank -8 through treatment gas line. The

treatment gas line and reaction gas line are shown in Fig. 3-5, The

flow rate of N, gas was mainta - 65 cc/min measured by means of

. Then A5 gh the reactor was changed
from treatment gas w w'line by means of 4-way
cock. Methanol was tivaly rom a microfeeder(4) to

the reactor(8) t aporizer(5)."  During test run of

i The reaction was €ar Fed “the temperature range of 200°C
g b
to 300°C. The time factor was defined.by a conventional reciprocal

sﬁ_—,’,’,‘f

space velocity,

flow rate (min/mol"

ﬂummmwmm
’Q‘W’mﬁﬂ‘im URIINYA Y
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Fig. 3-5 T%ntment and reaction gas line in experimental apparatus.
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c. Analysis of products

The reaction products were analyzed in two samplings. In the
first sampling, the effluent gas was directly plused by a 6-way cock
gas sampling valve to gas chromatograph(GC)(12) for on-line analysis
of the reactien-predustsv - In GC (12), a series of porapac T and Q
packed columns as an analyzing column and porapac Q packed column as
a reference column in a stein]e? teel tube, 3x4 mm in diameter and
3 m length, were mounted with the ductivity detector(TCD). The
details of GC are shown nere in Appen@
tank was used as l:il"l"lﬂ-ﬁ-g&i and./ fleu~eate- of H, was maintained at
40 cc/min. The compnents” of | the efflient gas viz. Np, €O, CO,,
Hy0, H3COCH3, CH30 1 0CH3 | were analyzed at a temperature of
100°C in about 40 mi :
each product was rec

HZ from the other storage

The retention time and peak area of
the ¥E¢ﬁrder as  shown in Appendix D.

. ,té the’ contribution of high boiling point
products such as metha m&tﬁyI fﬁfﬁi&e. dipethyl ether and water in
the GC analysis of the tum&*ﬁnmp ing, trep immersed in a dry-ice
mixed with methanol bath hgi;set" - between G-way cock and the
second sampling point beﬁere thexﬁpap-f11m meter, The second
sampling of the qylgeses after dry 1ce—ttne_nf§jhe effluent gas was
collected by 5yrinﬂe. The sampling gas ﬁf .Bcg ml was injected in
another gas chrnmatﬂgraph(TS} inwhich a 3x4 mm in diameter stainless
steel tube packed with active carbon was used and the carrier gas was
argon. Thi;ftnw ratelaf Frgﬂn was Wnaintained|at 40 cc/min.  Hy,
Ny, CO, CHg,' ep €05 were analyzed 'at's temperature of 100°C in

about 5 mins. The f]ew rate’ ‘of the outgases was measﬁred by use of

' 18
a soap dﬁim! 4t§ffﬂ4; aqﬂ égpiykéqpera uﬁ% ﬂgs rhEGrded at each
samplingi In every sampling, peak area of air was measured by
injection of air 0.5 m1 to GC(13). During analyzing, the flow rate of

carrier gas and temperature of GC were maintained at constant

In order to

values. The analytical data obtained from GC were presented in peak
area of each product and then calculation was done to interprete the
results in terms of 7 conversion and % selectivity on a carbon mole
basis. The raw data, data sheet and calculation method are also
shown in Appendix D.
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3.2.4 Characterization of clay catalysts

a. Temperature Programmed Desorption (TPD) measurement

TPD measurements were performed to characterize the acidic
properties of catalysts. A thermal conductivity detector (TCD) with
He carrier gas was used to detect the desorbed ammonia (HHSJ. An
apparatus used in TPD measur"g_ n shown in Fig.3-6. The data were
collected with points takgyagﬁﬁw L interval, which were signals

of both concentration e%@rher.‘_lﬁﬂ @mperature changes. These

signals were amplifie ~_then sent te. Shimadzu chromatopac mode]
C-R2AX for data stor %gﬁgnd-p ing.

In TPD measurgme ) ca;g E\iin th;mesh size of ca. 0.5 g

was accurately weigh

]ﬁﬁ‘g 'iq,j. .cell as shown in Fig. 3-7.

A time and temperat was used throughout the

measurements, of time and temperature of Hzﬂ

and NH3 desorption mea are shown in Fig. 3-8, The system
a4 o

was evacuated by used of " :u\#ar;f pump and the sample was

fi bt ) 2
treated at 400°C ﬂgr 1 hr 11" vacuo -

100°cC, When the stable Lemperature at _ sbtained, NHy gas of
100 Torr was 'Intr'oj atalyst i q 3]!-!3 adsorption was done
for 30 min, and extess NH, was evacuated for 30 min. Prior to
measurement of, ‘fﬁ q{w led down to 50°C
and kept in ﬁsﬁﬂ o pir(gloﬂ‘ﬁ dgﬂnﬁuin flow rate) to
attain the steqildy flow.  The measurementewas carried @ut at a heating

e 68 WRCEVEFIG 8 Fib150%) 4] BOoEG) Blnee v e

temperatiire region above 400°C, a considerable amount of water which

n_the sample was cooled to

produced from dehydroxylation was desorbed. The spectrum of desorbed
water, named background, was separately detected for the sample which
had not adsorbed ammonia. The NH3-TPD spectrum was obtained by
point-to-point substraction of HED desorption spectrum from HH3
desorption spectrum. The details of vacuum, He and NH3 Tine during

treatment, NH3 adsoption and measurement are shown in Fig. 3-9.
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Fig. 3-6 Scheme of Temperature Programmed Desorption Apparatus
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Fig. 3-7 TPD cell.
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Fig. 3-9 The details of vaccum line, He line, and NH3 line
during treatment, NHy adsorption and measurement.
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b. Infrared Spectroscopy (IR) measurement

Infrared spectroscopy has become a valuable tool for the
determination of structural information concerning organic substances.

Its application to organic systems has been in the areas of both
quantitative and quan'l'ltativ ‘S '|s1s. Quanlitative analysis has
been by far the greatestmppﬁ th1s valuable tool in organic

chemistry.
~ _""'-H

7_
In this resea liﬁed to characterize the effect of

'Efm 'h\:\\n ﬁéﬁ1yst. And also the

HEU to the absorpt

characterizatio

L

Ao
carbon monoxide (CO souq‘.iﬂ
o [ ey
catalysts were characterized and :
AT -
by infrared spectrosc Y/ Mas. use@d tinguish the Bronsted and

Lewis acid sites, An. J,Rnspe_‘ trum was recorded on a diffraction

grating mfrar# spectrophot f -810 Jasco (Japan
s d ) ) .‘
Spectroscopic Co., Ltd.). A cataly: le was pressed at 400 I:g!cmz

into a se‘lf—suppnrt"}‘ng wafer (Z_ﬂ mm in dia an ! ca 30 mg). The wafer
was then m d placed in the
infrared cemﬁaqﬂﬁmm EJ:sc tec n'lc was employed.
Fig. § bT holder was
cnnne:%ﬁﬂsj ﬁaﬁnﬁfmj"[ﬁ:} m ﬂ m a:ﬂder up and

down during heating and measuring. The measurement was carried out at

room temperature and a wafer of catalyst was placed parallel to the

KBr windows.
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Fig, 3-10 Infrared cell.




An apparatus used in IR measurements is the same in principle
as that of NHy absorption measurements as shown in Fig. 3-6. The
wafer sample was evacuated at 400°% for 1 hr by use of vacuum rotary
pump in vacuo and then cocled down to room temperature. An IR
spectrum, named background, was recorded. The temperature was again
raised up to 200°C as same s n temperature and methanol was
introduced from a smal to a catalyst. Methanol

adsorption was dane methuna1 was evacuated at

the same temperature .e second IR spectrum was

recorded at room temperdture. - I ‘ ting the data, IR spectrum
background spectrum and

the results were modif d-&iﬂﬁ in uff!fﬁ ion and in Z transmittion.

* = methanol adsorption 30 min and desorption 30 min

X* = Hzﬂ adsorption 30 min and desorption 30 min,

Fig. 3=11 Schematic diagram of time and temperature

of IR measurement.
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c. Surface area measurement

Surface area of a catalyst was determined from a nitrogen {HE)
adsorption isotherm using a Langmuir or BET (Brunauer, Emmett, Teller)
equation. N, adsorption was measured at -196°C, in a liquid N, trap,
by using a conventional high vacuum static system as shown in
Fig. 3-12. A catalyst of 0.1 g was weighed and loaded in a sample-
glass cell. The silica wool u 1/ is measurement was also weighed.
The system was evacuated und 1&& was done for 15 min prior
to evacuation in vacuo at 200 °c jhr Time and temperature were
controlled by using..a_ﬁ!!ﬁ'"-,_ stur :}rngm:}ntrnl'ler. The sample
was cooled down tanlﬁ;“p.flw Eh thenﬁgﬁhu-ensurement were done in
the main 4 steps :

1. Introducti of H ‘ dn 0‘the system and amount of He
charge into the sys caleiia
2. Introduct
other hand, into the

e&samp'la—g'lnss cell, on the

volumn (total volumn of
catalytic cell) was cu1¢9}3¥@¥' : ﬂgf&? -195.8°C He does not adsorp
on catalyst due tqlthe gnsguus sfhtn. —*th{J

3. Intnﬁfdi'i' of M, gas into tl

charge was calculated.

system and amount of N,

U

4, Intrnductinn of Ny gas 1nto the catalyst and amount of N,

e e ?TH‘EJ ‘3 ‘VTET‘P‘T"J‘ NeINS
MWD P E L a1k oL gt Tt

of He or N, into the catalyst, the sample-glass cell was dipped into
the liquid HE trap to control the constant rate of absorption. From
the calculated amount of N, absorped, these data were fit by Langmuir
or BET equation, depending on the structure of catalysts, to calculate
for the total area of absorption. Finally, the surface area of
catalyst was calculated. The detail of calculations are shown in

Appendix E.
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d. Inductivity Coupled Argon Plasma Atomic Emission
Spectrophotometer(ICP).

ICP was used to characterize the amount of various metal ions
on a catalyst. In the present study, the amounts of Na and Cu ions

in clay catalysts were determined. The analyzing apparatus was Nipon
Jarrel-Ash model ICAP-575 mark II.

Clay cntV_ L g ghed and solved with
concentrated solut | ) ) | d H550, 1.m1.  Teflon pipet and
beaker were used wh | {F wa  31$ d Then the mixture was
heated for about 2 h £166¢ “on| a | late in a drafter until
HF and H,S0,4 wer Zed :

solution of 5 ml wa

Finally, distilled wate ua‘sﬂﬁﬁ
.nilf"

at  concentrated HCI
to form metal thuride.
e mixture within a 100 m1l

( (ﬁ“lun beaker)

AU :H]:EJ ¥ ‘TYIE ="
A RIRT 0 NN RS sy

«——=—H(1 5 ml

Distillate water till 100 m1 (volumetric flask 100 m1)

Fig. 3-13 Schematic diagram of preparation method of sample solution.
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The preparation of standard solution.

The standard solutions of each analyzing ion was prepared b:,lr
diluted from the 1000 ppm standard solution. Two difference ranges of
concentration which covered those of sample solutions, were prepared.
The blank solution was prepared in the same way as sample solution
without the addition of catalyst

Measurement.

data storage, proc nterpreting by means of a computer
program, ' centration: andard solution were
measured and standard’ cus s hen the sample solution
was introduced into I : “the \a\ .t\« tube to the flame

for analysis. The da elaborated in terms of amount of metal
ions per 100 ml of so | 02 'ta'lyst ( mg.metal ions/
100 m1 solution/0.2 g data of ICP measurement are
shown in Appendix F,

Ch

AUEINENINYINT
AN TUNNINGAY
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